Tow field experiments were carried out at the Experimental Farm of the Water Studies and Research Complex (WSRC) Station, National Water Research Center, in Abu Simbel, Toshka Region, Egypt during two winter seasons 2015-16 and 2016-17. The main objectives were to study the effect of different irrigation levels [A 1 =100% of crop water requirements (ET crop ), A 2 =80% ET C and A 3 =60% ET C ], three rates of nano-fertilizer (lithovit) (B 1 =0, B 2 = 200 and B 3 =400ppm), three levels of nitrogen fertilizer (C 1 =60, C 2 =80 and C 3 =100 kg N fed -1 ) and their interactions on yield and its component, water use efficiency (WUE), fertilizer use efficiency (FUE) and quality of durum wheat plants. The experimental design was a strip-split plot with three replications. The tested agronomic traits were: plant height, No. of tillers m -2 , spike length, No. of grains spike -1 , 1000-grain weight, grain yield, water use efficiency (WUE), irrigation use efficiency (IWUE), fertilizer use efficiency (FUE) as well as protein and ash content, hectoliter weight and Hegberg falling number. The results indicated that the irrigation levels, nano-fertilizer concentrations and N-levels had significant effects on most yield component, water parameters, fertilizer use efficiency and quality of wheat plants in both seasons. Increasing irrigation levels from 60% to 100% increased all agronomic traits and FUE, but WUE, IWUE and falling number were decreased. The treatment of 400 ppm nano-fertilizer produced high values of all yield parameters, water relation, FUE except falling number. Increasing N-levels from 60 to 100 kg N fed -1 increased all studied traits, but FUE and falling number were deceased. The maximum grain yield (2192.4 and 2251.6), (2026.8 and 2075.7) and (1904.3 and 1964.3 kg fed -1 ) were produced when 100% of irrigation water, 400ppm of lithovit and 100 kg N fed -1 were applied in the two seasons, respectively.
Introduction
Wheat (Triticum durum L.) belong to the family Poaceae and genus Triticum. It is an annual, selfpollinated and long-day cereal crop. It is God's unique gift to mankind as it produces an excellent source of human nutrition in terms of carbohydrates, calories, minerals and proteins in the most developing countries including Egypt.
Durum wheat is resistant under hot climatic condition, hence, it is intensively cultivated in Upper Egypt due to its good heat tolerance. Egypt occupies an advanced position among the countries of the world in the productivity of the areal unit, it is preceded only by the countries where the wheat growing season lasts for about ten months, such as Germany, France, Holland and England, which is characterized by a cold climate, which gives the grain the full opportunity for growing and the quality of filling. In Egypt, wheat covers 1,368,767 ha of area harvested with an annual production 9,000,000 ton, according to (FAO, 2016) . The produced wheat in Egypt is locally consumed and is not enough for the population needs. Egypt imports the necessities for local consumption. Farmers and scientists in Egypt are making good efforts to close the gap between production (about 9.0 million tons) and consumption, which are estimated by 50-60% with increasing the cultivated area of wheat as well as the increasing of unit area productivity and the reduction of loss in production, processing, and consumption. Wheat researchers, instead of milling industry, need to perform experiments regarding quality and determine the important constituent's i.e protein, falling number and acidity, because the ingredients dictate the intended use of flour (Glevitzky et al., 2011 and Petrenko et al., 2015) .
Irrigation is the most important factor necessary for optimum growth and development of wheat especially in arid and semi-arid areas. Wheat production is influenced by different factors i.e. soil fertility, climatic condition and irrigation treatments. The influences of the implemented amount of sprinkler irrigation water, irrigation frequency and water use are particularly in order to obtain higher yields. Suitable scheduling of sprinkler irrigation is critical for operative water management in crop production, particularly under conditions of water scarcity (Pereira et al., 2002) . Decreasing the irrigation requirements from 100% to 50% significantly decreased most of growth characters, yield and its components, protein while, water use efficiency significantly increased (Abdelraouf et al., 2013 , Mansour et al., 2016 and Gangwar and Lodhi, 2018 . Increasing irrigation amounts up to 100% of irrigation requirement significantly increased grain yield (Teama et al., 2016) , while WUE and IWUE decreases with increasing amount of irrigation water (Beyenesh and Nigussie, 2017 and Eissa et al., 2018) . Grain yield and its components of wheat increased when wheat plants were irrigated to field capacity (Sarkar et al., 2017) . Abdrabbo et al. (2016) showed that the 1.2 of water requirements gave the highest grain yield and vegetative growth while, the 0.6 of water requirements gave the highest water use efficiency, increasing irrigation water above 0.6 from water requirements led to decrease water use efficiency.
Nano-technology is the most novel field of the twenty-one century.
Modern technologies improved production and food quality, which can meet ever-increasing world food demand in environment-friendly way (Wheeler, 2005) . Nanoparticles are defined as the materials (atomic aggregates) with size range of 1 to 100 nm (nm=10 -9 ) in at least one dimension (Liu and Lal, 2015) .
Nanotechnology such as using nano-scale particles is expected to play a vital role in developing improved systems for increasing the ability of crops to absorb nutrients. Rameshaiah and Jpallavi, (2015) found that nano formulated fertilizers can be easily noticed by plants and they perhaps exhibit prolonged effective duration of nutrient supply in soil or on plant.
Use of Nano-fertilizers instead of common fertilizers may have properties that are valuable to crops which releases the nutrients requirement, discharge of chemicals fertilizers in a controlled way that standardize plant growth and improve activity of target (Farooqut et al., 2016) . Furthermore, nanoparticles enhance crop yield, photosynthetic activity, nutrient use efficiency, grain quality and nitrogen metabolism (Sekhon, 2014) .
Lithovit is a natural calcium carbonate (nano-CaCO 3 ) foliar fertilizer made from limestone deposits by tribodynamic activation, micronization to levels of 10-20 microns and remain as thin layer on the surface of leaves and penetrate frequently when they get wet by dew at night. Foliar spray with lithovit at 500 mg L -1 caused significant increases in yield parameters of soybean i.e., No of setted pods plant -1 , pods yield plant -1 ,
No of seeds pod -1 , weight of seeds pod -1 , 100 seeds weight (g) and weight of seeds plant -1 (g) compared with the control treatment in both seasons (Abd El-Aal and Rania, 2018) . In the respect (Hanafey et al., 2014) on wheat, (Hamoda et al., 2016) on cotton, (Gomaa et al., 2018) on wheat and (Malgorzata, 2018) on maize illustrated that foliar application of Lithovit improved the growth and yield of the plants.
Nitrogen is the core component of protein and many plant structures and for both their internal and external metabolic processes. It is necessary for the formation of amino acids which are the building blocks of plant proteins, important in the growth and development of vital plant tissues and cells. Nitrogen is essential in plant processes like photosynthesis and plant cell enlargement. Plant height, grain weight spike -1 , grain weight m -2 , 1000-grain weight, straw yield and grain yield were increased with increasing nitrogen levels (Osman et al., 2008) . Kandil et al. (2016) found that application of 262 kg N ha -1 produced the highest values of spike length, No. of grains spike -1 , 1000-grain weight and straw and grain yields than the other levels (214 and 166 kg N ha -1 ). Therefore, this research aims to evaluate the effect of irrigation treatments, nano-fertilizer (Lithovit), nitrogen fertilizer and its combination on the productivity, quality and water use efficiency of durum wheat cultivar (Baniswef 1).
Materials and Methods Experimental site:
Tow field experiments were carried out during 2015-16 and 2016-17 growing seasons at the agricultural experimental station farm of Water Studies & Research Complex (WSRC), National Water Research Center, located in Abu-Simbel, Toshka, at the most southern part of Egypt, about 1300 south from Cairo and 280 Km. from Aswan at latitude 22-25° north, 31 longitude east and elevation 181m above the sea level.
Experimental details:
The treatments used in the experimental composed of three irrigation levels (A 1 =100%, A 2 =80% and A 3 =60% of irrigation requirement (A 1 =2700, A 2 =2160, A 3 =1620 m   3   fed -1 , respectively), three rates of lithovit nano-fertilizer (B 1 =control, B 2 = 200ppm and B 3 =400ppm) and three levels of N-fertilizer (C 1 =60, C 2 =80 and C 3 =100 Kg N fed -1 ) on durum wheat local cultivar (Baniswef 1) total number of plots were 81 plots= A:3× B:3× C:3× replication:3). Analysis of Lithovit according to Hamoda et al. (2016) were illustrated in Table 1 . Treatments were arranged in a strip-split plot design under RCBD with three replications. The horizontal plots were devoted for irrigation levels, the vertical plots were assigned for foliar spraying with nanomaterials (Lithovit) and sub-plots were allocated for N-levels. Fixed spray irrigation system was used with the use of water meter to estimate irrigation water quantities. Soil and water samples were collected and routinely analyzed according to Klute (1986) and Page et al. (1982) Tables  2 and 3 . th May 2017 in the first and second seasons, respectively. Nano-fertilizer was sprayed at two times i.e., after 40 and 60 days from sowing. Nitrogen fertilizer levels were applied manually in the form of ammonium nitrate (33.5% N) at four equal doses, the first dose was applied after 20 days from sowing and the final dose before flowering stage time.
All the culture practices for growing wheat were adopted as recommended by the Ministry of Agriculture (in the area and region of the study), except the experimental treatments. The data collected were as follows: A-Yield and some yield attributes:
At harvest time, ten random plants were chosen randomly from each plot to estimate the following characters: Grain yield: at maturity, whole experimental units were harvested and the total weight of grain per plot was measured and then converted to kg fed -1 .
B-Water parameters:
WUE and IWUE were calculated with following equations by (Howell, 1990) .
1-Crop water use efficiency (WUE, kg m -3 )
The obtained actual evapotranspiration [(actual water consumptive use (C.U)] was calculated according to Doorenbos and Pruitt, (1984) as follows:
C.U= (1) × Er Where: C.U = actual evapotranspiration (mm), Q 2 = the percent of soil moisture at field capacity, Q 1 = the percent of soil moisture before irrigation, D= the irrigated soil depth, Bd = bulk density of soil (g cm -3 ), Er = irrigation system efficiency (%) {Sprinkler irrigation system assumed to be 75%}.
2-Irrigation water use efficiency (IWUE, kg m -3 )
Irrigation water requirements of wheat crop for Toshka region is calculated using CROPWAT 8.0 software computer program for irrigation planning and management which was devolved by the FAO land and water development division (FAO, 1992) . CROPWAT was utilized for estimating reference crop evapotranspiration, crop water requirements and scheduling irrigation. C-Crop-Fertilizer use efficiency (FUS): was calculated according to (Ali, 2010) 
E-Statistical analysis:
The collected data were analyzed using analysis of variance (ANOVA) as published by Gomez and Gomez (1984) . Means separation was carried out using the least significance difference (LSD) test at 5% level to test for significant differences among treatment means of the two growing seasons 2015-16 and 2016-17 .
Results and Discussion
The obtained results of this investigation are will be discussed in the following order: A-Yield and some yield attributes: Plant height (cm):
The effects of irrigation, nanofertilizer, nitrogen levels and their interaction on plant height are illustrated in Table 5 . Data showed that significant effect was found on plant height due to irrigation levels in both seasons. Osman et al. (2008) , Ahmed and Sherif (2014) , Abdelkhalek et al. (2015) Teama et al. (2016) , Abdrabbo et al. (2016) and Attia et al. (2018) .
Foliar application of nanofertilizers significantly affected plant height, (Table, 5 ). The tallest and shortest plants belonged to the 400 ppm nano-fertilizer foliar application (79.8 and 80.2 cm) and control treatment (76.0 and 76.8 cm) in the first and second seasons, respectively. The increase in plant height due to the role nano-fertilizer increasing cell division and enlargement both longitudinal and transversely, and subsequently plant growth and develop wheat plants. Hamoda et al. (2016) , reported that increasing Lithovit concentrations from 0.0 to 7.5 g L -1
significantly increased plant height in both seasons. Also, Hanafey et al, (2014) , Kandil and Eman, (2017) and Abd El-Aal and Rania (2018) who revealed that using Lithovit increased plant height. Data in Table 5 showed that the effect of N fertilizer was significant on plant height. The highest value of plant height were 81.2 and 81.7 cm obtained when plants were fertilized with 100 kg N fed -1 , followed by 80 kg N fed -1 were 77.7 and 78.0 cm in both seasons, respectively. The shortest plants were 75.4 cm and 76.2 cm in the first and second season were recorded when plots were fertilized with 60 kg N fed -1 . Yadav and Dhanai (2017) and Attia et al. (2018) stated that plant height increased significantly with the increasing doses of N fertilization. These findings are consonance with the reports of Amjed et al. (2011 ), Chibsa et al. (2016 and Gangwar and Lodhi (2018) . The interaction between irrigation and Nlevels on plant height had a significant effect in both seasons. The tallest plants of 84.467 and 83.787 cm were obtained from plots when irrigated with 2700 m 3 fed -1 combined with 100 kg N fed -1 in 1 st and 2 nd seasons, respectively.
Spike length (cm):
Data in Table 6 indicate that irrigation levels, nano-fertilizer concentration and N-levels had a significant effects on wheat spike length in the two growing seasons. Regarding to irrigation treatments, decreasing amount of irrigation water applied to wheat plants from 100 to 80 or 60% decreased spike length from 8.3 to 8.1 or 7.9 cm in (season 1), being 8.3 to 8.1 or 8.0 cm in (season 2) in the same order. The increase in spike length may be attributed to the better utilization of nutrients using the adequate moisture, which helps the crop to better utilize the nutrient and made the plant more efficient to express its potential in photosynthesis activity and effect to increase length of spike. Many authors reported that spike length increased by increasing available soil moisture (Ahmed and Sherif, 2014 , Teama et al., 2016 , Beyenesh and Nigussie, 2017 , Attia et al., 2018 and Gangwar and Lodhi, 2018 .
In addition, the application of Lithovit significantly affected spike length in both seasons. Foliar applied by 400ppm increased spike length 8.3 and 8.5 cm as compared with control treatment of 7.9 and 7.8 cm in the two growing seasons, respectively. The lithovit components i.e. CaCO 3 , MgCO 3 , may penetrate rapidly into plant tissues through the stomata and play vital roles in biological and physiological processes of wheat plants which reflected on increasing growth parameters. These results were in line with Mardalipour et al. (2014) . Spike length of wheat was significantly affected by N-levels in two growing seasons. In case of 100 kg N fed -1 (8.5 and 8.5 cm) length of spike was recorded, which was significantly higher than the spike length observed by 80 and 60 kg N fed -1 in both seasons, respectively. In the concern, Yadav and Dhanai (2017) and Gangwar and Lodhi (2018) who observed that the increasing N-level increased the spike length. It is mainly due to more utilization of plant nutrients. The results are in agreement with the findings of Beyenesh and Nigussie (2017) and Haque et al. (2017) and Attia et al. (2018) .
Spike length of wheat was significantly influenced by the interaction effect of irrigation levels × Nlevels in season 1, and foliar spraying with lithovit × N-levels in season 2. The treatment where nitrogen was applied at the level of 100 kg N fed -1 and irrigated with 100% level (A 1 C 3 ) increased spike length by about 17.33% compared to (A 3 C 1 ) Table 6 . Regarding the interaction effect of lithovit nano-fertilizer concentration and N-levels on spike length, there was a significant effect in the second season only. The highest length of spike of 8.6 and 8.9 cm was obtained from the combination of 400 ppm × 100 kg N fed -1 (B 3 C 3 ) in the first and second seasons, respectively. However, the lowest length of 7.5 and 7.4 cm were gained from (B 1 C 1 ) for the same respective seasons. Number of tillers m -2 : Generally, wheat yield is dependent on many contributing yield agents. No. of tillers m -2 is one of the Doi: 10.21608/ajas.2018 .14899 Morsy, et al., 2018 most important contributions in final yield, which varies considerably with variation in environmental conditions (availability of soil moisture at planting, seed-bed preparation and nutrition managements, etc.). The result presented in Table 7 (Bukhut, 2005) . Shahid and Ram (2017) also noticed an increase in No of tillers m -1 as irrigation was increased. These results are supported by results reported by Ram, et al. (2013) and Gangwar and Lodhi (2018) .
Lithovit significantly affected No. of tillers m -2 (Table 7) . The highest rate of nano-fertilizer application (400 ppm) increased No. of tiller m -2 by 6.68 % (season 1) and by 5.38 % (season 2) compared to the control treatment. This may be attributed to the increase of photosynthetic pigments and the absorption of mineral nutrients. In this regard, on soybean plants, (Hanafey et al., 2014 and Abd El-Aal and Rania, 2018) -1 (C 1 ), respectively. The increase in the No. of tillers with an increase in N-levels might be due to the well accepted role of N in enhancing the vegetative growth of wheat plants. Shah (2012) stated that No. of tillers m -2 resulted in the highest value from 120 kg N ha -1 . These results are quite in line with those of Shahid et al. (2017) , Beyenesh and Nigussie (2017) , Haque et al. (2017) and Gangwar and Lodhi (2018) .
The data also indicated that the interaction between irrigation and Nlevels was significant in both seasons. Tables 8  and 9 . The grain characters were significantly affected by irrigation, nano-fertilizer and nitrogen.
In general, the decrease irrigation levels caused significant decrease in grain characters. During 2015-16 and 2016-17, irrigation with 100% ASM produced the highest No. of grains spike -1 of 58.6 and 57.5 and 1000-grain weight of 42.4 and 42.5 g compared with minimum No. of grain spike -1 (55.6 and 54.6) and 1000-grain weight (37.2 and 37.1 g) produced by A 3 , respectively. These results were agreement with the previous studies (Osman et al., 2008; Shah, 2012; Teama et al., 2016 and Gangwar and Lodhi 2018) . Availability of water during the vegetative phase and during the shooting stage is very important and may be the main growth factor.
Lithovit as nano-fertilizer applied at 400 ppm produced significantly greater grain spike -1 of 59.1 and 57.2 and 1000-grain weight of 41.5 and 41.5 g, while the lowest grain spike -1 of 54.0 and 54.9 and 1000-grain weight of 37.2 and 37.3 g were recorded with the control treatment, in first and second seasons, respectively. Increase in grain characters were observed when applying Lithovit as foliar spray on wheat plants (Hanafey et al., 2014) .
The grain characters were significantly affected by the different N-levels in both growing seasons (Table  8 and 9) . The data recorded during 2015-16 showed that maximum of 59.3 grain spike -1 and of 41.0 g for 1000-grain weight were produced by 100 kg N fed -1 , while the minimum of 53.1 grain spike -1 and of 37.3 g for 1000-grain weight were obtained with adding 60 kg N fed -1 . The same trend was observed during 2016-17. Shah (2012) noticed that grain characters were affected by increasing Nlevel from N 0 to 120 kg N ha -1 . The increase in grain characters by increasing N-levels might be attributed to saving N in suitable time and maximizing the N utilization through minimizing losses of the applied N which led to high photosynthesis rates and increased the amount of carbohydrate in the grains, which reflected to increase grain characters. These findings were similar to those obtained by Osman et al. (2008) , Teama et al. (2016) , Shahid et al. (2017) , Attia et al. (2018) and Gangwar and Lodhi (2018). Grain yield (kg fed -1 ): Grain yield is usually a product of an organized interplay of its several components which contributes to the overall yield. Presented data in Table 10 indicated that the studied irrigation levels, nano-fertilizer and N-levels had a significant effect on the grain yield in the two seasons. Decreasing irrigation water amount from 2700 to 2160 or 1620 m 3 fed -1 resulted in decrease in grain yield reached about (18.41 and 30.70%) and (18.84 and 30.19%) in the first and second seasons, respectively. These results reflect the importance of soil water to increase plant nutrient availability in soil solution and enhancement of all vegetative growth factor (increase cell divison, elongation and enlargement) and yield components, which contribute to increased production of grain yield, moreover, increase spikelet fertility and decrease sterility. Grain yield was reported to increase with increasing irrigation levels (Osman et al., 2008 and Attia et al., 2018) . Similar results were reported by Teama et al. (2016) , Beyenesh and Nigussie, (2017) , Hossain and Hasan, (2018) and Gangwar and Lodhi, (2018) . Maximum grain yield (2026.8 and 2075.7 kg fed -1 ) was recorded by foliar application with lithovit nanofertilizer treatment as compared with other treatments in both seasons, respectively. Nanoparticles induced enhancement photosynthesis and nutrient use efficiency leading to more production of grain yield. Furthermore, nanoparticles like Lithovit availability may increase the leaf area index and duration, and decreased leaves senescence that increase grain yield. Razzaq et al. (2016) , Kandil and Eman, (2017), Singh et al. (2017) and Malgorzata, (2018) support these trend.
The data recorded during 2015-16 and 2016-17 showed that maximum grain yield (1904.3 and 1964 .3 kg fed -1 ) was produced with adding 100 kg N fed -1 , while minimum grain yield (1763.9 and 1818.3 kg fed -1 ) was produced with the application of 60 kg N fed -1 . The application of N at a level of 100 kg N fed -1 increased the wheat grain yield by 7.96 and 8.03% in the first and second seasons, respectively, compared to the low treatment 60 kg N fed -1 . Attia et al. (2018) who stated that treated wheat plants with 80 kg N fed -1 resulted in higher grain yield as compared at 40 and 60 kg N fed -1 . These results might be due to adequate supply of nutrients during grain filling duration.
Many researches have shown that increasing N-level properly can increase the grain yield of wheat (Chibsa, et al., 2016; Rekaby, et al., 2016; Haque, et al., 2017; Yadav and Dhanai, 2017; Gangwar and Lodhi, 2018 and Hassan, 2018) .
The data further showed that grain yield was significantly affected by the interaction between A×B in both seasons and A×C in the first season. Ahmed and Sherif (2014) found that the maximum WUE value for wheat was achieved when irrigation water was applied at 40% ASM for grain. These results are agreement with Osman et al. (2008) , Abdelkhalek et al. (2015) , Beyenesh and Nigussie (2017) and Eissa et al. (2018) .
Increasing Lithovit concentrations from 0 ppm to 400ppm significantly increased WUE and IWUE of wheat cultivar (Baniswef 1) in both seasons, however, it caused about (21.15 and 20.56%) and (20.51 and 19.75%) increase in WUE and IWUE where, WUE increased from (1.26 to 1.04 and from 1.29 to 1.07 kg m -3 ) and IWUE increased from (0.94 to 0.78 and from 0.97 to 0.81 kg m -3 ) for nano-fertilizer concentrations 0 ppm (control) and 400ppm, respectively (Tables 11 and 12 ). 
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The addition of N to irrigation levels of wheat significantly affected on WUE and IWUE in the two seasons (Tables 11 and 12 ). In both seasons, WUE and IWUE increased with increasing N levels, and were recorded the highest values (1.19 and 1.23) and (0.89 and 0.92) kg grain m -3 fed -1 were obtained with applying 100 kg N fed -1 , and the lowest values (1.10 and 1.14) and (0.83 and 0.85) were recorded with applying 60 kg N fed -1 for both growing seasons. This may due to the fact that grain yield obtained is higher with 100 kg N fed -1 as compared to other levels. Martin et al. (2010) who stated that increasing WUE requires increasing photosynthetic capacity, thus, more N will be required. WUE of wheat increased with increasing N-rates (Rekaby, et al., 2016) . These results agree with findings of Abdelraouf, et al., (2013) , Abdelkhalek et al., (2015) and Beyenesh and Nigussie (2017) .
Data presented in Tables 11 and  12 showed that the interaction between irrigation levels and nanofertilizer concentrations on WUE and IWUE where significant differences among treatments were observed in both seasons. The treatment irrigation levels at 60% ASM + 400 ppm nanofertilizer recorded the highest WUE (1.35 and 1.40) and IWUE (1.01 and 1.05) followed by the treatment irrigation levels at 60% ASM + 200 ppm nano-fertilizer. 
C-Crop-Fertilizer use efficiency (FUS):
Data presented in Table 13 showed that irrigation levels, nanofertilizer concentration, N-levels and their interactions involved here had a significant effects on fertilizer use efficiency (FUE) in both seasons, except the effect of interaction of three factors in the two growing seasons. Therefore, FUE was increased significantly with increasing amount of water applied to wheat plants. This is the same trend was obtained with regard to grain yield. In this study, FUE as revealed by response ratio of wheat to applied nano-fertilizer (Table 13) was better with 400ppm concentration (26.283 and 26.901 kg grain kg -1 N applied) in both seasons, respectively, compared to with 0.0 and 200ppm. FUS in crop production can be enhanced with the effective application of nano-fertilizers (Singh, et al., 2017) .
Regarding the main effect of N in both seasons, the highest value (29.414 and 30.307 kg grain kg -1 N applied) when N applied at 60 kg N fed -1 and the lowest value (19.043 and 19.646 kg grain kg -1 N applied) found when the plants received 100 kg N fed -1 , in the two seasons, respectively. Generally, fertilizer efficiency assigned as the amount of increase in yield of the harvested portion of the crop per unit N applied. Haque et al. (2017) observed that decrease in FUE with increasing N-rates is due to less increase in grain yield in comparison to N supply in wheat.
Considering the interaction of irrigation levels and different nanofertilizer concentration (Table 13) , highest FUE during the two growing seasons (31.067 and 32.995 kg grain kg -1 N applied) observed by 100% ASM + 400 ppm nano-fertilizer, the minimum (18.369 and 19.001) FUE was found from 60% ASM with control nano-fertilizer, respectively. Also, the interaction among nano-fertilizer and N-levels had a significant effect on FUE in the two growing seasons. Thus, the highest mean values of FUE (32.497 and 33.130 kg grain kg -1 N applied) in first and second seasons respectively, were obtained from 400 ppm nanofertilizer with 60 kg N fed -1 . Table 14 revealed that protein and ash content % in grains was significantly affected by various irrigation levels, nanofertilizer, N-levels and their interaction in the average of the two seasons. The irrigation levels had a significant effects on protein and ash content% in average two seasons. Thus, protein and ash content were decreased significantly with decreasing amount of water applied to wheat plants. Decreasing irrigation water amount from 100% to 80% or 60% resulting in the decrease in protein and ash content reached about (2.03 and 8.56%) and (2.59 and 8.81%) respectively in the average of the two seasons. (Erekul et al., 2012 and Shah, 2012) stated that protein content decreased with increasing irrigation level.
The results are shown in Table  ( 14) , also, demonstrated that wheat plants sprayed by lithovit nanofertilizer produced the highest mean values of protein and ash content. High values of (13.724 and 1.90%) were recorded with foliar application of 400ppm nano-fertilizer in the average of the two seasons, respectively. One the other hand, the lowest values for grain protein and ash (13.153 and 1.82%) were obtained from control treatments in the average of the two seasons, respectively.
Protein and ash content in wheat grain were significantly affected by levels of N in the average of the two seasons. Higher value of protein and ash content in grain (13.791 and 1.90%) was noticed when wheat crop was fertilized with 100 kg N fed -1 , were recorded when fertilized with 60 kg N fed -1 . The favorable effect of Nlevels on two characters might be explained in the light of the direct influence of this essential element in increasing photosynthesis activity and subsequently chemical contents. Plescuta and Panayotova, (2016) reported that higher N-levels usually results in increased wheat protein content and thereby improved end use quality. This was agreement with the findings of many authors (Shah, 2012 , Harasim and Wesolowski, 2013 , Chibsa et al., 2016 , Haque et al., 2017 and Hossain and Hasan, 2018 .
Regarding the interaction between A × B on protein and ash content%, there was significant effect in average two seasons. The maximum values of 14.278 and 1.97% were obtained from the interaction between 100% ASM × 400ppm nano-fertilizer (A 1 ×B 3 ) in average two seasons, respectively. However the lowest values of 12.322 and 1.70% obtained from the interaction between 60% ASM × control (A 3 × B 1 ) for the same respective in average two seasons. When the interaction between A × C studied it was noted that ash content% was significantly affected only. The data showed that the maximum 1.97% ash content% were obtained for irrigated according to 100% ASM combined with 100 kg N fed -1 (A 1 ×C 3 ), while the minimum 1.67% ash content% were obtained from A 3 ×C 1 . HFN is a measure of the degree of weather damage that results in sprouting. A result of sprouting from weather damage is the development of α-amylase activity which is detrimental to wheat quality and an indicator of poor grains.
Data presented in Table ( 15) indicated that irrigation levels had no significant effect on falling number in average of the two seasons. Falling number decreased with irrigation (Torrion and Stougaard, 2017) . The data further revealed that the falling number of wheat flours is significantly influenced by nano-fertilizer levels (Table 14) . The highest falling number was observed in 0.0 nanofertilizer (451.16 s), while the lowest value was recorded for sample B 3 (395.65 s). Generally, the filling number (α-amylase) of all treatments were relatively high. N-levels had a significant effect on the HFN in average seasons. The data recorded that the maximum HNF (442.77 s) was noted for pots treated with 60 kg N fed -1 (C 1 ) while minimum HFN (396.55 s) was obtained by 100 kg N fed -1 . The effects of N on HFN may, therefore, have been more closely related to the rate of grain drying, rather than just grain size, as has been suggested for the effects of N (Clarke et al., 2004) . N fertilization reason a sharp decline on HFN Gashaw et al. (2013) . The decline of HFN in response to N fertilization might be associated with its effect on delaying grain maturation and grain protein concentration. Corroborating the results of this study, Leta et al. (2013) reported the effect of N fertilization on grain quality.
Hectoliter weight is a measure of grain shape, the grain density which appertain to the chemical and biological composition as immature or shrunken grain have specific weight lower than plumpness and hard grain. Results of Table ( water (A 3 ). HLW decreased as the severity of the water stress increased (Guler, 2003) . Supplemental irrigation throughout the growing season improves HLW and increases dry matter accumulation in the grain and that leads to plumpness of the grain increase. High HLW will have a low ratio of the barn and high semolina yield. HLW of grain wheat is an important indicator of flour milling quality wherein higher HLW is favorite (Torrion and Stougaard, 2017) . In harmony with the present result, (Erekul et al., 2012) and EL-Hag and Shahein (2017) . Concerning the effect of Lithovit on HLW of wheat grains, Table ( 15) shows that HLW increased with foliar application of 400ppm nano-fertilizer (77.02 kg hl -1 ). These results may be attributed to the promoting effects of lithovit.
It is worthy to mention that, the results of Table ( ELTemsah (2017) . Table ( 14) shows that all interactions had no significant effect on Hagberg falling number and hectoliter weight in average seasons. 
